Background {#Sec1}
==========

The prevalence of overweight and obesity in the child and adolescent population is a growing problem worldwide, with the number of obese children rising from 0.7 and 0.9% in 1976 to 5.6 and 7.8% in 2016 for girls and boys respectively \[[@CR1]\]. Although the rate of this increase varies by country, it also applies to Central and Eastern Europe \[[@CR2]\]. Data on the high percentage of children with extreme obesity, reaching even as much as 5.5% in some populations, is even more worrying \[[@CR3]\]. Excess body weight is a significant burden for the current and future health and mortality risk of children, with issues including type 2 diabetes mellitus, dyslipidemia, non-alcoholic fatty liver disease, hypertension, and coronary heart disease as well as psychological problems and lower educational attainment seen as obesity consequence in paediatric population \[[@CR4]--[@CR6]\]. Long-term observations have shown that obesity in childhood and adolescence may significantly contribute to the occurrence of further disorders such as glucose metabolism disorders, cardiovascular diseases and lipid disorders \[[@CR7]--[@CR10]\]. This can lead to a reduction in the quality and length of life \[[@CR11]\].

While in the general paediatric population the presence of abnormal lipid values is estimated at 8--20% \[[@CR12]\], depending on the population, accepted norms and age, it was shown that in the population of lean children the prevalence of dyslipidemia is lower than in obese children, in whom it ranges from 20% to over 40% \[[@CR8], [@CR13]\]. As Nielsen et al. demonstrated, the risk of developing lipid disorders is 2.8 times higher in obese children (BMI \> 90th percentile) than in children with normal body weight \[[@CR13]\].

Co-occurrence of excess body weight and lipid disorders was assessed in many populations, including studies carried out in China, Brazil, Denmark, Germany, USA, Ghana, United Arab Emirates \[[@CR12]--[@CR17]\] . Until now, however, no results have been published of similar studies on a large sample of children form a Central or Eastern European country, in which a rapid change of social and economic status of society in the last 30 years has been observed, \[[@CR18]\].

The aim of this study was to evaluate the prevalence of lipid disorders in overweight and obese children and adolescents participating in an integrated weight reduction programme. The analysis reported in this paper was carried out based on data from a population-based health programme aimed at preventing the occurrence of risk factors for civilization diseases in children and adolescents "6-10-14 for Health", implemented by the University Clinical Centre in Gdańsk using funds from the Municipal Office in Gdańsk between 2011 and now.

Methods {#Sec2}
=======

According to the "6-10-14 for Health" programme implementation schedule \[[@CR19], [@CR20]\], the programme accepted patients living in Gdańsk, aged 6, 9--11 and 14 years old, with BMI above the 85th percentile for age and sex, according to the Polish percentile charts \[[@CR21]\]. During the first visit, each of the participants underwent basic anthropometric examinations - body weight, body height, waist and hip circumference, blood pressure and body composition by bioelectrical impedance were measured.

Body weight and body height {#Sec3}
---------------------------

were determined using a digital scale (MensorWE150, Poland), with the child wearing underwear and standing barefoot. Body height was measured to the nearest 0.001 m and body weight to the nearest 0.1 kg. The scale was calibrated every day. Waist and hip circumferences were measured on a horizontal plane by an Ergonomic Circumference Measuring Tape (model 201; Seca GmbH & Co, KG, Hamburg, Germany).

Blood pressure measurement {#Sec4}
--------------------------

Arterial blood pressure was determined oscillometrically (Omron) on the left arm, with a cuff of an adequate size placed at the heart level, and the child seated with uncrossed legs, following at least a 5-min rest in the seated position. The width of the inflatable cuff corresponded to at least 40% of arm circumference. Three separate measurements of blood pressure were taken and averaged.

Kasch pulse recovery step test {#Sec5}
------------------------------

The participants were subjected to a 3-min Kasch pulse recovery step test (KPR). The test consisted of climbing a 0.305 m step at a rate of 24 up-and-down steps per minute. The rate of climbing was defined by a metronome set at 96 beats (signals) per minute. Heart rate (HR) was monitored continuously with he "Polar" (Finland) electronic analyser for 3 min of the exercise (step-test) and during 1 min and 5 s of recovery in a seated position. Only post-exercise HR recorded within 1 min, starting 5 s after completing the test, was analysed. All HR characteristics were recorded during restitution in a seated position (subjects were instructed to sit still, breathe normally and not to talk). An arithmetic mean calculated from these values (HRmean post-ex) was subjected to a further analysis \[[@CR22]\].

Additionally, on the basis of data from parents (based on the child health logbook), information on body weight and gestational age at birth was collected. Information was also collected on the current body weight and height of the child's parents, on the basis of which the parents' BMI at the time of the child's examination was subsequently calculated.

Laboratory parameters {#Sec6}
---------------------

All enrolled children were referred for laboratory tests within a maximum of 30 days following the first appointment in the programme. After an overnight fast, venous blood samples were drawn between 7 and 9 a.m., processed within 1 h, and analysed within 6--8 h after sampling at the Central Clinical Laboratory of the University Clinical Centre (UCC) in Gdańsk. The following laboratory parameters were determined: Lipid profile determined using an enzymatic method.Oral glucose tolerance test (OGTT) using glucose concentration determined with hexokinase method.Concentration of insulin determined by means of immunochemiluminescence assay.Concentration of creatinine, alanine transaminase (ALT), thyroid stimulating hormone (TSH), free thyroxine (fT4) levels determined using an immunoturbidimetric assay.

Dyslipidemia was defined according to the Lipid Research Clinical (LRC) Prevalence Study and the United States National Health and Nutrition Examination Surveys (NHANES) classification corresponding to the 95th percentile in the American population as total cholesterol (TC) \> 5.2 mmol/L (200 mg/dL), LDL-C \> 3.4 mmol/L (130 mg/dL), HDL-C \< 1.03 mmol/L (40 mg/dL), or triglycerides (TG) \> 1.7 mmol/L (150 mg/dL) \[[@CR23], [@CR24]\].

The study was conducted with the approval of an independent bioethics committee at the Medical University of Gdańsk (NKBBN/228/2012.), in accordance with the requirements of the Helsinki Declaration. Each parent/legal guardian had to express written consent to the child's participation in the programme.

Statystical analysis {#Sec7}
--------------------

BMI was calculated and then referred to the age- and sex-specific national BMI percentile charts. The 85th percentile of BMI was used as the overweight cut-off \[[@CR21]\]. Z-score values of the waist circumference were determined for the relevant age and sex group using current percentile charts for Poland \[[@CR25]\]. Z-score values for systolic blood preasure (SBP) and diastolic blood preasure (DBP) were determined for the relevant age and sex group using current percentile charts for Poland \[[@CR26]\]. To assess the normality of distribution in individual groups, Shapiro-Wilk test was used, with appropriate parametric tests subsequently used (t-test, ANOVA, Pearson correlation) for data with normal distribution and non-parametric tests used for data with distribution different from normal (U Mann-Whitney, Kruskal-Wallis test with post hoc analysis, Chi-square, Spearman rank correlations). Data are presented as means and standard deviations (SD) or numbers and valid percentages. Statistical significance was accepted at the *p* \< 0.05 level. Only the data from patients whounderwent all laboratory tests were included in the analysis. Statistical analyses were performed using Statistica software version 13.3 (StatSoft Polska Sp. z o.o., Poland).

Results {#Sec8}
=======

In the years 2011--2017, according to the adopted criteria (children in the 1st and 4-6th grade of primary school and the 2nd grade of junior high school in Gdańsk), just under 70,000 children were eligible for the study. Over 46,000 children took part in the screening, of which 5005 children were qualified for the programme. The first appointment was attended by 3062 (61.18%) children, of which 1948 children underwent the laboratory tests they were referred for during the first visit, allowing for the assessment of the prevalence of lipid disorders, metabolism of glucose disorders and hormonal management disorders to be carried out within 30 days from the examination.

A detailed description of patient flow is presented in Fig. [1](#Fig1){ref-type="fig"}. Fig. 1Number of children participating in the successive stages of the "6-10-14 for Health" programme during years 2011--2017

Table [1](#Tab1){ref-type="table"} presents characteristics of children who participated in the first appointment and did and did not undergo laboratory tests. There were statistically significant differences between these groups concerning their BMI percentile, waist z-score and the percentage of girls. The group that had the laboratory tests performed had a higher proportion of girls, a higher BMI percentile and a higher waist z-score. Table 1Difference in basic anthropometry results in children with and without laboratory resultswith laboratory resultswithout laboratory resultsNo. validMean ± SDNo. validMean ± SD*p*-valueage (years)191610.66 ± 3.01104010.74 ± 3.170.663BMI percentile191693.97 ± 5.44104092.54 ± 7.88**0.000**gestational age (weeks)185840.02 ± 4.3999839.86 ± 3.890.439weight at birth (grams)18623492.89 ± 666.709903490.89 ± 650.930.610father's BMI180228.00 ± 8.0292627.55 ± 8.300.090mother's BMI186527.26 ± 5.1598528.86 ± 4.110.261waist z-score19151.67 ± 0.6010391.60 ± 0.67**0.003**SBP z-score19160.61 ± 1.1610400.70 ± 1.200.058DBP z-score19161.05 ± 1.1810401.10 ± 1.260.418% of girls49.9444.60**0.004\***U Man-Whitney test, *p*-value was bolded as statistically significant if *p* \< 0.05.; \* Chi\^2 Pearson's test

In children with laboratory tests' results, several statistically significant differences in anthropometric values were observed. Boys had lower BMI percentile (93.6 vs. 94.3), lower body fat percentage (26.63 vs. 33.01) and higher values of lean body mass (73.33 vs. 66.94). Boys also had higher body weight at birth (3591 g vs. 3470 g) (*p* \< 0.05). There were no clinically significant differences in lipid values in both studied groups (except for a slight difference in triglyceride levelsbetween boys and girls at 82.89 vs. 83.83 respectively). Details are presented in Table [2](#Tab2){ref-type="table"}. Table 2Differences in selected anthropometric features and lipid profile values between girls and boys in the study groupVariableGirlsBoysNo. validMean ± SDNo. validMean ± SD*p*-valueage (years)95610.64 ± 3.0796010.68 ± 2.950.569weight at birth (grams)9173470.93 ± 536.049243591.78 ± 582.25**0.000**gestational age (weeks)92339.79 ± 1.8092739.73 ± 1.790.302father's BMI84729.50 ± 4.6686129.58 ± 4.800.962mother's BMI90926.69 ± 5.1490726.59 ± 5.180.648BMI percentile95694.33 ± 5.2296093.61 ± 5.62**0.000**waist z-score9561.39 ± 0.569591.95 ± 0.49**0.000**bioimp_fat_mass\_%95133.01 ± 5.8795526.63 ± 6.06**0.000**bioimp_muscle_mass\_%95163.64 ± 4.7595569.59 ± 5.53**0.000**bioimp_lean_mass \_%95166.94 ± 6.0395473.33 ± 6.51**0.000**SBP z-score9560.57 ± 1.189600.65 ± 1.140.143DBP z-score9561.11 ± 1.229601.00 ± 1.130.064TC (mg/dL)973169.44 ± 28.68975167.14 ± 29.610.098HDL (mg/dL)97347.39 ± 9.7597547.10 ± 10.610.285TG (mg/dL)97383.83 ± 40.1997582.89 ± 46.98**0.013**LDL (mg/dL)973105.28 ± 25.28975103.46 ± 26.280.197U Man-Whitney test, *p*-value was bolded as statistically significant if *p* \< 0.05

The percentage of children with particular types of lipid disorders is presented in Table [3](#Tab3){ref-type="table"}. It was shown that the only difference between the sexes concerned the abnormal triglyceride levels, which were more common in boys (8.82% vs. 5.96%). Table 3Number and percentage of children with particular types of disorders in lipid profileTC \> 200 mg/dLLDL-C \> 130 mg/dLHDL-C \< 40 mg/dLTG \> 150 mg/dLTotal278 (14.27%)288 (14.78%)432 (22.17%)144 (7.39%)Girls142 (14.49%)149 (15.31%)200 (20.55%)58 (5.96%)\*Boys136 (13.94%)139 (14.25%)232 (23.79%)86 (8.82%)\*\* *p* = 0.015 Chi\^2 Pearson's test

At least one of the above lipid disorders occurred in 38.23% of girls and 40.51% of boys with overweight and obesity. The difference was not statistically significant (*p* = 0.30297 Chi\^2 Person's test).

The results of laboratory tests were subsequently classified into six categories following the model used by Korsten-Reck et al. \[[@CR27]\]. A:Normolipidemia \[triglycerides (TG) \< 150 mg/dL, HDL-C (HDL-C) \> 40 mg/dL\];B:Hyper-LDL-cholesterolemia alone \[LDL-C \> 130 mg/dL, TG \< 150 mg/dL\];C:Hypo-HDL-C + Hypertriglyceridemia \[HDL-C \< 40 mg/dL, TG \> 150 mg/dL\];D:Combined hyperlipidemia = Hyper-LDL-C + Hypertriglyceridemia \[LDL-C \> 130 mg/dL, TG \> 150 mg/dL\]; with added two additional categories for the clarity of classification of disorders:E:Hypercholesterolemia only \[TC \> 200 mg/dL\];F:Other disorders (TG \> 200 mg/dLor HDL-C \< 40 mg/dL or HDL-C \< 40 mg/dL + LDL-C \> 130 mg/dL/TG \> 150 mg/dL).

The prevalence rates for particular groups of disorders are presented in Table [4](#Tab4){ref-type="table"}. There were no sex differences in the prevalence of lipids disorders (*p* = 0.171 Chi-square Person's test). Table 4Number and percentage of children with specific lipid disordersGroupTotalGirlsBoysNo.valid %No.valid %No.valid**A** Normolipidemia118160.6360161.7758059.49**B** Hyper-LDL-C26413.5513814.1812612.92**C** Hypo-HDL-C+ Hyper-TG593.03202.06394.00**D** Hyper-LDL-C + Hyper-TG241.23111.13131.33**E** Hyper-TC603.08303.08303.08**F** (Other - in text above)36018.4817317.7818719.18*p* = 0.171 Chi-square Person's test

When analysing the results for children with at least one disorder as one group, compared to the group of children without disorders, we found that children with dyslipidemia were older and had higher values of basic anthropometric parameters such as BMI percentile, percentage of body fat or waist z-score. Details are presented in Table [5](#Tab5){ref-type="table"}. Table 5Differences between overweight and obese children with and without dyslipidemiadyslipidemianormolipidemiaMean ± SDMean ± SD*p*-valueage (years)10.9 ± 2.9610.5 ± 3.03**0.022**BMI percentile94.5 ± 4.6793.6 ± 5.86**0.000**bioimp_fat_mass\_%30.4 ± 7.4129.4 ± 6.29**0.006**bioimp_muscle_mass\_%66.1 ± 6.1167.0 ± 5.83**0.005**bioimp_lean_mass\_%69.5 ± 7.0570.5 ± 7.01**0.003**weight at birth (grams)3501.9 ± 535.723550.9 ± 579.20**0.033**gestational age (weeks)39.7 ± 1.7939.8 ± 1.800.153father's BMI29.8 ± 4.7729.4 ± 4.700.091mother's BMI26.6 ± 5.2226.6 ± 5.120.906waist z-score1.8 ± 0.611.6 ± 0.57**0.000**DBP z-score1.1 ± 1.151.0 ± 1.190.084SBP z-score0.7 ± 1.150.6 ± 1.16**0.025**U Man-Whitney test, *p*-value was bolded as statistically significant if *p* \< 0.05

Further analysis showed a correlation between individual anthropometric data and the results of laboratory tests. The analysis demonstrated a statistically significant (*p* \< 0.05) correlation between numerous parameters, however, the strength of the correlation was not high - except for bioimpedance data. Detailed results for Spearman's correlation are presented in the Table [6](#Tab6){ref-type="table"}. Table 6Spearman rank correlations between selected anthropometric parameters and individual lipid profile valuesTCHDL-CTGLDL-Cage (years)**−0.179−0.2380.200−0.166**BMI percentile−0.033**−0.1540.139**−0.021bioimp_fat_mass\_%0.035**− 0.0830.142**0.035bioimp_muscle_mass\_%−0.040**0.079−0.144**− 0.038bioimp_lean_mass\_%−0.037**0.086−0.146**− 0.036weight at birth (grams)−0.012**0.054−0.089**− 0.014gestational age (weeks)−0.0350.026−0.022− **0.051**father's BMI0.001**−0.0720.058**0.023mother's BMI**−0.057−0.050**0.019**−0.050**waist z-score**−0.070−0.2290.129**−0.040SBP z-score−0.033**−0.0920.131**−0.041DBP z-score−0.004**−0.0800.111**−0.007Spearman correlation, *p*-value was bolded as statistically significant if *p* \< 0.05

Discussion {#Sec9}
==========

According to the American Academy of Pediatrics (AAP), National Heart, Lung and Blood Institute (NHLBI) and other recommendations, children with obesity or familial aggregation of hyperlipidemia should have their lipid concentrations monitored regularly \[[@CR28], [@CR29]\]. However, in Poland such tests are not conducted regularly or financed by the public payer (tests are included in the PHC package, but there are no guidelines requiring such tests to be performed in children).

The results presented in this paper for the first time describe the prevalence of lipid disorders in a large group of overweight and obese children and adolescents from a Central and Eastern European country. The obtained results show that lipid disorders in children aged 6--15 years are more frequent than expected in comparison with populations from other European countries. In a Danish study Nielsen found lipid disorders in 28% of overweight and obese children in a similar age group \[[@CR13]\]. The results are similar to those obtained in American studies (concerning children from all ethnic groups) \[[@CR30]\] and a German study analysing children from a clinic specializing in the treatment of obesity \[[@CR12]\].

At least one type of a lipid disorder occurred in more than 39% of the study group, while in the current German and Danish studies these values were 24,7 and 28% respectively. In the current study group there were no significant differences in the prevalence of particular lipid disorders between boys and girls, except for elevated TG values, which were more common in girls, as described in other studies \[[@CR12], [@CR13]\], but not in all of them \[[@CR15]\]. Differences in the prevalence of specific lipid disorders by sex are not commonly reported, although previously mentioned study by Nielsen et al. \[[@CR13]\] showed that the lipids level were higher in girls -- in all ages. This was also reported by Jolliffe et al. \[[@CR23]\] based on US NHANES population. There is also a visible effect of puberty,with a decrease in HDL-C, LDL-C and TC and an increase in TG in pubertal compared to prepubertal children -- as seen in both the general population and in obese children \[[@CR13]\]. As we did not assess the pubertal status of our population we cannot compare that factor with other studies. Age itself was not a factor significantly differentiating the group,although there were negative correlations between age and lipid values, however, these correlations were weak\...

Children with lipid disorders were older, had higher values of BMI percentile, body fat percentage and waist circumference, which is consistent with the previously published results for studies carried out in Europe and on other continents \[[@CR12]--[@CR15]\]. However, it appears that the anthropometric values, as presented in Table [5](#Tab5){ref-type="table"}, do not have a significant clinical utility. Differences in mean age/ BMI or bioimpedancy values are not big. We need to remember that those are all children with overweight and obesity. Presented correlations despite their statistical significance, do not indicate a strong (positive or negative) relationship between different lipids with the measured anthropometric parameters, or with birth weight and gestational age at birth. According to current guidelines \[[@CR31]\], only children with severe obesity (\>99th BMI centile) should be treated as a "moderate-risk" group. Children with obesity (\<99th BMI centile) are "at risk" of cardiovascular disease -- regardless of other risk factors that were not assessed in the presented study (ex. non-alcoholic fatty liver disease, hypertension) as the group was otherwise healthy (no patients had diagnosed familiar hyperlipidemia, T1/2 diabetes mellitus, cancer survivors). In the studied population both children with and without lipid disorders had mean BMI below the 99 centile (94.5 ± 4.67 vs. 93.6 ± 5.86).

It should be noted that the obtained results concerning the prevalence of particular types of lipid disorders may indicate the prevalence of combined dyslipidemia in more than 20% of the examined children, with an additional 13% of children having elevated LDL-C values. The atherogenicity of the combined dyslipidemia observed with childhood obesity manifests in structural and functional vascular changes assessed non-invasively as increased carotid intima-media thickness (cIMT) and increased arterial stiffness \[[@CR32]\]. Data from *Cardiovascular Risk in Young Finns Study* showed that subjects with the combined dyslipidemia pattern beginning in childhood had significantly increased cIMT compared with normolipidemic controls after 21 years of follow up \[[@CR33]\]. Yet, as results from adults show, it seems that the low HDL-C or high LDL-C levels can't be seen as the only measures of cardiovascular risk. Studies assessing the genetic differences determining lipid profile (both LDL-C and HDL-C levels) show that genetic background can be an important factor for the future outcome of low or elevated levels of blood lipids \[[@CR34], [@CR35]\]. This show us that a long term effects of elevated or decreased lipid level can only be treated as one element in a wider range of sociodemographic issues -- lifestyle, nutritional and physical activity behaviours that can influence the CVD risk through the adolescence and adult life.

Such a frequent occurrence of lipid disorders in the population of children and adolescents should be an important warning signal both at individual and population level. Not only effective screening methods should be implemented for overweight and obese children from an early age \[[@CR36]\] but therapeutic measures are also required. It has been repeatedly demonstrated that implementing proper nutrition and/or physical activity significantly improves the lipid profile, even without significant weight loss (we do not strive for this in younger children), and mainly by changing the body fat percentage \[[@CR32]\]. Additionally, children at medium and high risk of developing CVD should also receive proper pharmacological treatment \[[@CR31]\].

The results of our study showed that despite the lack of a significant upward trend in the prevalence of obesity in the population of children in Poland \[[@CR1], [@CR37], [@CR38]\], lipid disorders are a common problem in this group of children and may significantly contribute to the increase in cardiovascular risk in the population of young adults \[[@CR39]\]. It is important to state that Poland has undergone significant social and economic changes in the last 30 years that have impacted both the development of the country and health status of the population -- including large increases in the prevalence of obesity and related cardiovascular diseases rates in adults \[[@CR39], [@CR40]\]. Until now no data were published regarding dyslipidaemia as an important CVD risk factors in children.

The study has certain limitations. Despite the high population coverage and participation of over 66% of children in the screening, only about 60% of children who met the eligibility criteria joined the programme, and subsequently only less than 64% had laboratory tests performed. There is a justified risk that children who did not participate in the programme, despite meeting the eligibility criteria, had higher values of anthropometric parameters or already existing metabolic disorders. Similarly, children who did not have laboratory tests performed - despite the lack of statistically significant differences in anthropometric parameters (Table [1](#Tab1){ref-type="table"}) - could have had lipid disorders, although our analysis shows that they did not differ statistically (analysis in progress) in terms of anthropometric features from the group included in the final analysis.

Conclusions {#Sec10}
===========

Our study presents results from a large group of real life patients participating in an obesity management programme. Almost 40% of the study population had lipid abnormalities. Most importantly, children with dyslipidemia were older and had higher values of basic anthropometric parameters such as BMI percentile, percentage of body fat or waist z-score than the overweight and obese children without lipid disorders. The study shows that the probability of lipid disorders is higher in children with a higher body mass and age irrespectively of gestational age and weight or parents' body mass.
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